Background Despite improvements in treatment of primary osteosarcoma, treatment of patients who have local recurrence is not well defined. Questions/purposes We asked: (1) What are the 5-and 10-year overall survival rates of patients with osteosarcoma who have a local recurrence? (2) What factors are associated with better survival after a local recurrence? (3) Does chemotherapy affect overall survival after local recurrence? (4) What are the rates of rerecurrence after amputation and with limb salvage? This work was performed at A Publication of The Association of Bone and Joint Surgeons® independent prognostic factors, suggesting that early detection may be important. Chemotherapy did not have a significant effect on survival, and surgical eradication of recurrence with wide margins may be critical to maximizing the chances for survival.
Methods
We reviewed 45 patients with nonmetastatic conventional high-grade osteosarcoma who had local recurrence between 1985 and 2007, during which time 461 patients were treated for the same disease. Seven patients with known local recurrence were lost to followup and not included in our study. The median age of the patients was 18 years, and minimum followup was 2 months (median, 39 months; range, 2-350 months). The primary tumor was located in the extremity in 36 patients and the pelvis in nine. The median time from initial surgery for resection or amputation of the primary tumor to local recurrence was 18 months (range, 2-149 months). Ten recurrences developed in bone and 35 in soft tissue. In 21 of the latter cases, the soft tissue recurrence was undetectable on conventional radiographs. Prognostic factors for overall patient survival after recurrence were evaluated by Kaplan-Meier survival and Cox multivariate analyses. Results Overall postrecurrence patient survival was 30% at 5 years and 13% at 10 years. Cox multivariate analysis revealed that concurrent metastasis (relative risk = 4, p = 0.003) and recurrent tumor size 5 cm or larger (relative risk = 13, p \ 0.0001) were independent predictors of worse survival. With the numbers available, treatment with chemotherapy after local recurrence was not associated with better survival (p = 0.54). Nine patients had a second local recurrence, and the actuarial risk of rerecurrence was 34% at 5 years. There was no difference in the frequency of rerecurrence between patients treated by amputation and wide local excision (p = 0.23). Conclusions The long-term prognosis of patients who have local recurrence of osteosarcoma is poor. Followup beyond 5 years is essential, because the disease can have a protracted course. Most recurrences develop in soft tissue and are difficult to see on plain radiographs alone. The size of the recurrence and presence of metastasis were This work was supported by a training grant from the International Training Program of the Japanese Society for the Promotion of Science (AT). Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research.
Introduction
The treatment of osteosarcoma has advanced during the past few decades with improvements in imaging modalities, chemotherapy, and surgical techniques [2, 6, 17, 22, 24, 26, 30] . Limb-sparing surgery has become common as a result of better overall treatment [1, 8, 20, 27] . However, local recurrence remains a significant problem, and this occurs in approximately 10% of patients treated with limbsparing surgery [3, 4, 7, 11, 19, 21, 23, 29] .
Transfemoral amputation for distal femoral osteosarcoma also is associated with a similar rate of local recurrence [25] . Some authors have reported on the clinical outcomes and prognostic factors of patients with locally recurrent osteosarcoma [4, 6, 10, 12, 19, 23, 28, 29] . However, there are relatively little data on long-term clinical outcome and the results of different treatments. It is not clear whether patients can safely have limb-sparing resection of locally recurrent disease or should routinely undergo amputation. The risk for further local recurrence and the association of local recurrence with metastasis are unresolved questions. The effectiveness of salvage chemotherapy on the local recurrence has not been firmly established.
The purpose of this study is to evaluate the long-term oncologic outcome of patients who were treated for local recurrence of osteosarcoma. The study is intended to analyze the prognostic factors influencing patient survival and determine how surgical and medical treatments may affect survival after local recurrence. We asked (1) what are the 5-and 10-year survivorship rates of patients who have a local recurrence; (2) what factors are associated with better survival after a local recurrence; (3) does chemotherapy affect overall survival after local recurrence; and (4) what are the rates of rerecurrence with amputation and with limb salvage?
Patients and Methods
From 1985 to 2007, 461 patients were evaluated for a nonmetastatic conventional osteosarcoma of the pelvis or extremities at one institution. The patients were identified by searching the hospital computer database for all primary tumors of conventional nonmetastatic osteosarcoma and then searching this set for extremity and pelvis as primary locations. Tumors involving the sacrum were included, but tumors in the spine, cranium, and chest wall were excluded. Of the 461 original patients, 420 had tumors involving the extremities and 41 had tumors involving the pelvis or sacrum. Fifty-two patients had a local recurrence, but seven patients were excluded from the study for lack of followup data (see below). Local recurrence developed in 42 of 420 patients with tumors involving the extremities and 10 of 41 patients with tumors involving the pelvis (chi-square test, p = 0.01). For the 420 patients with tumors in the extremities, 37 of 363 (10%) who underwent limb salvage had local recurrence, and five of 57 (9%) who underwent amputation had local recurrence. For the 41 patients with tumors in the pelvis or sacrum, seven of 33 (21%) who underwent limb salvage (internal hemipelvectomy) had a local recurrence, and three of eight (38%) who underwent amputation had a local recurrence.
Forty-five patients with local recurrence formed the cohort of the current study. The institutional review board approved the review of medical records and radiographs for the study. There were 15 females and 30 males. Their mean age was 18 years (range, 6-71 years). There were 36 tumors of the extremity and nine tumors of the pelvis. Patients were followed for a minimum of 24 months unless they died of disease before 24 months. The minimum followup was 2 months (median, 39 months; range, 2-350 months). Three patients with followup beyond 24 months after local recurrence were alive with disease at last followup but they subsequently were lost to followup. These three patients were included in our study. Seven patients with known local recurrence were not included in the study because they were lost to followup before 24 months. Two of these patients were known from correspondence to be long-term survivors beyond 5 years, but they were not included for lack of actual followup data from direct observation in our clinic. Seven patients were alive without evidence of disease at last followup, and none of these patients were lost to followup. All other patients had confirmed dates of death. The following demographic and treatment factors were examined for prognostic importance: patient age, sex, tumor location (extremity or pelvis), recurrent tumor size, tumor site (soft tissue or bone), chemotherapy response to primary tumor [13] , time to local recurrence, second-line chemotherapy for recurrence, and surgery for first recurrence.
After local recurrence, 18 patients underwent limbsparing surgery, 18 had amputation, seven had reamputation at a higher level, and two were treated medically without surgery. The type of surgery and the decision to perform limb-sparing surgery versus amputation were made at the discretion of the attending surgeon. The surgical margin after resection of the original primary tumor was negative in 43 patients and positive in two. A positive margin was defined as tumor present at the inked margin of resection. For the majority of patients (28) , the pathology report did not indicate the size of the closest margin. None of the reports explicitly stated a soft tissue margin less than 1 mm. For the patients with available information, the mean bone margin was 1.8 cm. Ten recurrences developed in bone and 35 in soft tissue. All of the recurrences in bone were detectable on conventional radiographs, but 21 of 35 (60%) recurrences in soft tissue were undetectable on conventional radiographs ( Fig. 1 ). Thirty-seven patients received various chemotherapeutic regimens after local recurrence. The choice of chemotherapy was made at the discretion of the attending medical oncologist. The most common agent was ifosfamide (23 patients). The ifosfamide in this study refers specifically to that administered after the diagnosis of local recurrence. Some patients received ifosfamide as part of the treatment for the original primary tumor.
Statistical analyses were performed using SPSS 19.0 for Windows (SPSS Inc, Chicago, IL, USA). Statistical significance was defined by a p value less than 0.05. Comparison of means was performed with Student's t-test or ANOVA. Kaplan-Meier survivorship was used to calculate overall survival and local recurrence-free survival after recurrence [15] . The effect of different prognostic factors was assessed by the log rank test. Multivariate analysis was accomplished by Cox's proportional hazard method. Variables were chosen with a forward conditional stepwise selection procedure.
Results
Our first objective was to determine survival after local recurrence. Overall patient survival was 54% at 5 years and 16% at 10 years after resection of the primary tumor ( Fig. 2A ). Overall postrecurrence patient survival was 30% at 5 years and 13% at 10 years after resection of the recurrent tumor (Fig. 2B ). The median time to local recurrence was 18 months (range, 2-149 months). The median survival after recurrence was 17 months (range 2-350 months). Local recurrence presented without distant metastasis in 19 patients, and followed distant metastasis in nine patients. Local recurrence and distant metastasis developed concurrently in 17 patients. Of the 19 patients who initially had only local recurrence, 11 subsequently had distant metastasis develop. At the time of last followup, seven of 45 patients were still alive without evidence of disease, and four patients had preservation of the affected limbs.
Our second goal was to determine factors affecting survival. A univariate analysis initially was performed with Kaplan-Meier survivorship to explore what factors might be potentially important predictors of postrecurrence survival ( Table 1) . Factors identified on univariate analysis included time to recurrence ( Fig. 3 ), concurrent metastasis (Fig. 4) , and tumor size ( Fig. 5 ). Multivariate analysis revealed that two of the factors found in univariate analysis, recurrent tumor size greater than 5 cm (p \ 0.0001) and concurrent metastasis (p = 0.003), were independent predictors of worse overall survival after local recurrence ( Table 2) .
The third goal was to examine the potential effect of chemotherapy on survival after local recurrence of osteosarcoma. In 37 patients, chemotherapy was administered after detection of local recurrence. There was no difference in postrecurrence survival between the patients who received chemotherapy and those who did not with the numbers available (p = 0.53). Of the 25 patients who had chemotherapy before resection of the recurrent tumor, there was no association between the percent necrosis of the resected recurrence and postrecurrence survival with the numbers available ( Table 1 ). The mean necrosis of the resected recurrent tumor for patients who survived 17 months (median survival) or greater was 56% whereas the mean necrosis of patients surviving less than 17 months was 42% (p = 0.24). Of the three patients who had 90% or greater necrosis of the recurrent tumor, two have died of disease. High-dose ifosfamide (14 g/m 2 ; range, 2-7 cycles) was the most commonly used agent after recurrence, and this was given to 23 patients either as the sole chemotherapy or as part of a multiagent regimen. There was no difference in overall survival associated with the use of high-dose ifosfamide with the numbers available. The median survival rates were 17 months for patients receiving high-dose ifosfamide and 60 months for patients not receiving ifosfamide (p = 0.16; Table 1 ).
Our fourth goal was to determine the rate of rerecurrence for amputation and limb salvage. Nine patients had a second local recurrence after treatment of the first recurrence. The actuarial risk of rerecurrence was 34% at 5 years. Three of 18 patients had rerecurrence after amputation whereas six of 18 patients had rerecurrence after wide local excision (p = 0.23). The local rerecurrence-free survival was 89% for tumors smaller than 5 cm and 56% for tumors 5 cm or larger at 5 years (log rank test, p = 0.05).
Discussion
While it has long been recognized that local recurrence of osteosarcoma is an unfavorable sign, many questions remain regarding the prognosis and treatment of patients who have relapse. In this study, we found not only that overall survival is poor (30%) at 5 years after local recurrence, but also that it continues to decrease slowly to 13% at 10 years. We identified recurrent tumor size 5 cm or larger and metastasis at the time of recurrence as key independent prognostic factors for overall survival. With the numbers we had in this study, chemotherapy that involved high-dose ifosfamide did not seem to increase survival and amputation did not result in a significantly better rate of rerecurrence.
This study has several limitations. First, the number of patients is small making statistical analysis of prognostic factors difficult. It might be that other prognostic factors that did not reach statistical significance in our multivariate analysis might have emerged with larger numbers. Second, there was heterogeneity of the surgical and medical treatments at initial presentation of the patient and at the time of the recurrence. Our negative results pertaining to salvage chemotherapy for recurrent disease are preliminary. The number of cycles and the agents used varied, and patients were not treated according to strict chemotherapy protocols for relapsed disease. To clarify the efficacy of various chemotherapeutic strategies on survival after local recurrence, prospective studies are necessary. Third, comparison of amputation versus limb salvage as treatment for local recurrence may be compromised as the indications were not clearly defined. Selection bias may have affected the choice of one over the other. Fourth, the original pathology reports did not quantify the closest margin in the majority of cases, and we could not make a meaningful assessment Fig. 2A-B (A) The overall patient survival after resection of the original primary tumor is shown for the entire cohort of 45 patients. The estimated 5-and 10-year survival rates by Kaplan-Meier analysis were 54% and 16%, respectively (95% CI, 47%-62% and 3%-29%, respectively). (B) The overall patient survival after local recurrence is shown for all 45 patients. The estimated 5-and 10-year survival rates were 30% and 13%, respectively (95% CI, 22%-38% and 1%-26%, respectively).
Volume 472, Number 10, October 2014 Local Recurrence of Osteosarcoma 3191 regarding whether wide margins were achieved in the primary resections. We also could not compare the size of the soft tissue margin against the bone margin to see if this correlated with recurrence in soft tissue versus bone. Fifth, our measurement of local recurrence is likely to be an underestimate. Loss of patients to followup is a problem, and we are aware of seven patients who did not have adequate followup data to be included. Because this is a small series of 45 patients, the additional seven patients could have affected the statistical analysis. Furthermore, there may have been other patients with local recurrence in addition to the seven known patients who we could not capture from our databases. This stems from loss of followup of patients with osteosarcoma in general and small, hidden local recurrences that remain undiagnosed in patients who die of metastatic disease. For the patients in the current series, our assessment of overall survival by Kaplan-Meier analysis seems reasonably accurate since there were only three patients who were alive with disease and lost to followup after 24 months.
The first question of the study was to ascertain the overall survival at 5 and 10 years after local recurrence. Long-term followup showed that postrecurrence survival was dismal, with 30% alive at 5 years and only 13% alive at 10 years. Our estimate of postrecurrence survival is similar to that in other studies, with overall survival ranging from 16% to 29% at 5 years [5, 9, 12, 19] . In our study, the survival steadily declined between 5 and 10 years after local recurrence, underscoring the need for diligent, long-term followup of patients beyond 5 years. It is possible that novel therapeutic approaches may be necessary to improve the outcome of these patients. This might involve the combination of traditional cytotoxic agents with targeted therapies [16] and immunomodulatory agents [18] . Our second question was to determine prognostic factors for survival after local recurrence. In multivariate analysis, we found that small tumor size (\ 5 cm) and lack of distant metastasis at the time of recurrence were independent predictors of better overall patient survival. Regarding tumor size, our results are consistent with those of others including Grimer et al. [12] , who found that small size of local recurrence (\ 5 cm) was a significant factor for Fig. 3 The overall postrecurrence patient survival is shown for patients whose local recurrence occurred 2 years or more after primary surgery (n = 17) and less than 2 years after surgery (n = 28). The estimated 5-year postrecurrence survival rate was 46% (95% CI, 20%-72%) for patients whose local recurrence occurred 2 years or more after primary surgery and 20% (95% CI, 2%-38%) for patients whose local recurrence occurred less than 2 years after surgery (p = 0.03). Fig. 4 The overall postrecurrence patient survival is shown for patients who had local recurrence after distant metastasis (n = 9), concurrent local recurrence with distant metastasis (n = 17), and local recurrence without distant metastasis (n = 19). The estimated 5year postrecurrence survival rate was 42% for patients who had local recurrence without distant metastasis (95% CI, 13%-71%) and 22% (95% CI, 0.5%-38%) for patients who had concurrent local recurrence with distant metastasis (p = 0.01). LR = local recurrence; SR = systemic recurrence.
Fig. 5
The overall postrecurrence patient survival is shown for patients who had 5 cm or larger recurrent tumors (n = 36) and smaller than 5 cm tumors (n = 9). The estimated 5-year postrecurrence survival rate was 11% (95% CI, 0%-24%) for patients with 5 cm or larger recurrent tumors and 88% (95% CI, 64%-100%) for patients who had tumors smaller than 5 cm (p \ 0.0001). survival. Others have reported that metastasis at the time of local recurrence is a negative prognostic factor [5, 12, 19] . Bacci et al. [5] reported that the 5-year postrecurrence survival rate was 29% for patients who had local recurrence only, whereas it was 0% for patients who had local recurrence concurrent with or after distant metastasis [5] . They also reported that patients with local recurrences were at high risk of having metastasis develop. In their study, the 5-year distant metastasis-free survival was 74.9% for patients who did not have local recurrence and 25.0% for patients who had local recurrence (p \ 0.0001) [5] . In addition to tumor size and metastasis, numerous authors have reported that the time to recurrence is another prognostic factor for postrecurrence overall survival [6, 12, 19, 23] . Rodriguez-Galindo et al. [23] found that a period greater than 2 years predicted better postrecurrence survival. Our results from Kaplan-Meier analysis showed that patients with local recurrence after 2 years had better postrecurrence survival, with 5-year survival of 46% compared with 20% for patients with early recurrence. However, this was not an independent predictor in our multivariate analysis, possibly owing to the small number of patients in our cohort. Our third question was to determine the effect of chemotherapy on postrecurrence survival. With the numbers available in our study, we did not detect a statistical improvement in survival for patients who were given chemotherapy after recurrence. We also found no correlation between percent necrosis of the resected recurrent tumor and patient survival. Although the benefit of chemotherapy for primary disease is widely accepted [14, 17, 24, 26] , the effect of chemotherapy on recurrent disease is not so clear. Some have recommended aggressive surgery and multiagent chemotherapy after recurrence [10] . However, Chou et al. [9] and Grimer et al. [12] reported no statistical improvement of postrecurrence survival by administration of second-line chemotherapy. Chou et al. [9] suggested that the addition of high-dose ifosfamide might have a positive effect. In our study, we could not detect a beneficial effect of ifosfamide on overall survival. However, our patients were not treated prospectively on strict protocol, and selection bias could mask the potential efficacy of ifosfamide and other agents.
Our fourth goal was to assess the rates of rerecurrence for amputation and limb salvage. Guidelines for surgical treatment of locally recurrent osteosarcoma have not been well established. Some authors have emphasized the importance of achieving complete surgical resection, and clinicians have asked whether amputation should be the preferred treatment [10, 23, 28] . In our analysis, with the numbers we had, we found no difference in either postrecurrence survival or local recurrence-free survival between limb-sparing surgery and amputation. Three of the four patients who were alive at 10 years had limb-sparing surgery. Therefore, amputation might not be necessary in all patients. However, in this retrospective analysis, it is likely that there was some selection bias in the choice of limb salvage versus amputation, and the results should be interpreted cautiously. They do not necessarily show equivalence of amputation and limb salvage. We feel that limb-sparing surgery may be appropriate for selected patients with small (\ 5 cm) recurrences, which can be excised with wide margins, but obviously with such small numbers, one must be careful not to draw too strong a conclusion on this point. Patients with large local recurrences may require amputation to achieve adequately wide margins and control of the disease, especially with a potentially chemoresistant tumor.
Local recurrence of osteosarcoma is associated with poor prognosis. Long-term followup is essential because the disease can have a protracted and indolent course. Most recurrences develop in soft tissue and are difficult to discern on radiographs. The size of the recurrence and presence of metastasis were significant prognostic factors in multivariate analysis, suggesting that early detection might be relevant. More research is needed to determine whether early detection of recurrence might have an effect on survival. With the numbers available in our study, chemotherapy was not associated with better survival, and additional study is needed to determine how best to use systemic therapy after local recurrence. Surgical extirpation of local recurrence with adequately wide margins may be critical to maximizing the chances for survival. Although limb salvage might be considered for selected patients with small (\ 5 cm) recurrences in favorable locations, more work is needed to define better the indications for amputation versus wide excision.
